Abstract Reliable and stable environmental audit instruments are needed to successfully identify the physical and social attributes that may influence physical activity. This study described the reliability and stability of the PIN3 environmental audit instrument in both urban and rural neighborhoods. Four randomly sampled road segments in and around a one-quarter mile buffer of participants' residences from the Pregnancy, Infection, and Nutrition (PIN3) study were rated twice, approximately 2 weeks apart. One year later, 253 of the year 1 sampled roads were re-audited. The instrument included 43 measures that resulted in 73 item scores for calculation of percent overall agreement, kappa statistics, and log-linear models. For same-day reliability, 81% of items had moderate to outstanding kappa statistics (kappas ≥ 0.4). Two-week reliability was slightly lower, with 77% of items having moderate to outstanding agreement using kappa statistics. One-year stability had 68% of items showing moderate to outstanding agreement using kappa statistics. The reliability of the audit measures was largely consistent when comparing urban to rural locations, with only 8% of items exhibiting significant differences (α < 0.05) by urbanicity. The PIN3 instrument is a reliable and stable audit tool for studies assessing neighborhood attributes in urban and rural environments.
Introduction
Ecological models posit that there are multiple determinants of health behaviors, including intrapersonal, interpersonal, organization, community, and public policy [1] . In the past four decades, there has been concerted research devoted to measuring physical attributes of neighborhoods in an effort to identify conditions associated with health behaviors, specifically physical activity. From a community standpoint, the physical environment in which people reside may help or hinder physical activity, as the behavior occurs many times in space and place [2] . Indeed, many aspects of the physical environment are designed with physical activity in mind, such as in the case of bicycle lanes and public parks [3] .
In the quest to identify the most salient factors of the physical environment that promote physical activity, a number of different assessment methods and measures have been developed. One such method is environmental auditing [4] . Environmental audits are tools designed to assess the physical and social spaces within a community, such as parks, trails, or the neighborhood. In the case of a neighborhood physical environment audit, auditors systematically observe and record characteristics of the environment for a designated space, such as on a street-by-street basis within a certain area around the location of interest. Although audits occur mostly by foot or in a motor vehicle, desktop audits reliant on digital photography (e.g., Google Street View) are increasingly common [5] [6] [7] [8] [9] . A review of the literature identified 29 neighborhood physical environmental audit tools designed for in-person assessment, published between 2001 and 2014 .
Of the 29 identified neighborhood physical environment audit tools, 90% (n = 26) reported on the reliability of the measurement tool [10, 13-18, 20-24, 26-29, 32-37, 39] . External reliability is an important consideration with assessment tools such as neighborhood physical environment audits, to determine if the measures are consistent between (inter-) and within (intra-) raters, as well as from one time to another (i.e., test-retest). Among studies reporting external reliability, only one exclusively assessed reliability compared to a gold standard [17] . All other studies reported on inter-rater reliability [10] [11] [12] [13] [14] [15] [16] , and a subset of these (n = 5) also assessed intra-rater reliability [14, 19, 23, 24, 36] . Of the studies that reported on interrater reliability, 48% (n = 12) assessed simultaneous audits [13, 14, 18, 19, 21, 22, [26] [27] [28] [29] 32] , one assessed audits from an approximate one-week interval [12] . one assessed audits from an approximate two-week interval [15] , and one assessed audits from an approximate two-month interval [10] . For the remaining 8 studies, the time frame for assessing reliability was unclear [16, 20, 23, 24, [34] [35] [36] [37] .
In addition to reliability, stability of the measures over time is important to consider when determining at what point and how often the neighborhood physical environment should be assessed for research studies. It is expected that neighborhood environments will change over time, but an understanding of the time frame for that change within different aspects of the environment, both social and physical/ structural, is warranted. As far as the authors are aware, to date, no neighborhood audit instrument has been assessed for stability of the measures over a long time frame (e.g., 1 year). Further, contextual and methodological factors may influence reliability and stability metrics. For example, urbanicity may influence the reliability of a measure. Of the 29 neighborhood physical environment audit tools examined, only two audits examined both urban and rural locations [13, 29] , and of these, only the Wisconsin Assessment of Social and Built Environment (WASABE) [13] , examined if there were differences in urban and rural environments.
The Pregnancy, Infection, and Nutrition (PIN3) study developed the PIN3 neighborhood audit instrument to assess road segments near participants' home addresses, in both urban and rural areas. Since its development, the PIN3 neighborhood audit instrument has been used either entirely or in part to assess the neighborhood environment for other research projects [12, 15, 40, 41] . Given the need for more detailed information on the reliability and stability of neighborhood physical environment audit instruments, the primary aim of this study was to assess the inter-rater reliability over same-day and two-week time frames, as well as the one-year stability of the PIN3 neighborhood audit instrument items. In addition, this study assessed the PIN3 audit tool as to whether inter-rater reliability differed between urban and rural locations.
Methods

Study Sample
The PIN3 Study was designed to identify risk factors associated with preterm birth. Participants of the PIN3 study resided primarily in central North Carolina, specifically in the counties of Alamance, Chatham, Durham, and Orange. These counties were the focus of the neighborhood audit. More information on the study can be found at http://www.cpc.unc.edu/pin. This study was reviewed and approved by the Institutional Review Board at the University of North Carolina at Chapel Hill (UNC).
PIN3 Neighborhood Audit Instrument and Protocol
The development of the environmental audit instrument and the data collection procedures have been previously described [39, 42] . Briefly, the PIN3 neighborhood audit instrument included 43 measures individually rated to reflect 5 domains: residential land use; nonresidential land use; public, residential and nonresidential space/ aesthetics; mobility (walking and bicycling) amenities; and transit and road characteristics. These measures reflect aspects of the physical and social neighborhood environment that are hypothesized to influence physical activity behaviors.
To select the street segments for environmental auditing, PIN3 study participants' home locations were identified with the global positioning system (GPS) or address geocoding [42] . A customized road network was created from the county-level road centerline datasets for the study area; this customized road network was determined to be more accurate and complete as compared to four publicly and commercially available road datasets [42] . Using this customized road network, all roads within one-quarter mile of the PIN3 participants' home locations, identified as the participant's home neighborhood, were selected for auditing [39] . A road segment was defined by the length between two intersections, between an intersection and a cul-de-sac, or an intersection and a dead-end road.
Each road segment was further identified as either urban or rural. Urbanicity was defined using the United States (US) Census Bureau's 2000 urban and rural classification, where urban is defined using the following criteria: (1) core census block groups had a population density of at least 1000 people per square mile, and (2) the surrounding census block groups had a population density of at least 500 people per square mile; under certain conditions, the US Census Bureau defined less densely settled areas as urban [43] . In the PIN3 study, a segment was identified as urban if the midpoint fell within an urban block group, otherwise it was identified as rural [39] . Over the course of two summers in 2005 (year 1) and 2006 (year 2), 10,770 road segments were audited by trained raters that independently rated in teams of two simultaneously from within a motor vehicle.
Inter-Rater Reliability and Stability Road Sampling Process
In year 1, a 5% random sample of the audited road segments were selected for reliability testing (n = 481), with oversampling in the rural areas. Each road segment was rated twice by teams of two, with the second rating of a road segment occurring approximately 2 weeks after the first rating. The teams differed from time 1 to time 2, such that no person ever rated the same road segment twice.
In year 2, a sub-sample of the year 1 sampled roads (n = 253) were re-audited by two teams, each comprised of two raters. Each day, team 1 would rate a portion of the selected road segments in the morning, and then rate another portion of the selected road segments in the afternoon. Team 2 would rate the same segments on the same day, but at alternate times. This was repeated day by day until all road segments in the sub-sample were rated.
Statistical Analysis
The original 43 measures were subdivided into 73 item scores for calculation of proportion of overall agreement (PO) and kappa statistics; see Supplemental Table 1 for a complete list of items assessed. For each of the items in the audit instrument, agreements between the (1) twotime ratings from year 1 (two-week agreement), (2) first time ratings from year 1 and year 2 (one-year agreement), and (3) two-time ratings from year 2 (same-day agreement) were evaluated and calculated using PO and kappa. PO was calculated to indicate the proportion of cases for which raters at time 1 and time 2 agreed. Kappa statistics were calculated to verify whether agreement exceeded chance levels. Kappa values less than 0.2 were considered poor agreement, 0.2 to < 0.4 fair, 0.4 to < 0.6 moderate, 0.6 to < 0.8 substantial, and 0.8 to 1.0 outstanding [44] . Simple kappa statistics were calculated for ratings of binary or nominal items, and weighted kappa statistics were calculated for ratings of ordinal items.
To test agreement by urbanicity, log-linear models were used to explore whether any significant exact agreement and/or linear-by-linear association existed [45] [46] [47] . The exact agreement was applied on both ordinal and nominal ratings to measure whether ratings agree exactly, while the linear-by-linear association was used on ordinal ratings to measure ratings that did not agree exactly but tended to be high together or low together. The Pearson scaling adjustment was applied to all log-linear models due to overdispersion. Loglikelihood-ratio tests were performed on log-linear models to test whether the urbanicity of road segments significantly affected two-week exact agreement and linear-by-linear association. For all analyses, an alpha level of 0.05 was used to indicate statistical significance. Statistical analyses were carried out using SAS Version 9. 3 (SAS Institute Inc. Cary, NC.).
Results
Among the road segments that were selected and rated during the first auditing in year 1, 481 were revisited and rated a second time by a different two-person team in an approximately two-week range (median 16 days, interquartile range 10-20 days). Of these, 16 segments were excluded because of changes in road the network between time points so that segments were not structurally comparable, and one was excluded because it was rated by the same rater at each time point. This left 464 segments available for analysis on year 1. An additional 211 road segments were further excluded because they were not rated in year 2, leaving 253 road segments available for year 1 to year 2 comparisons.
Kappa values, color coded based on level of agreement, for same-day reliability, two-week reliability, and one-year stability are reported in Table 1 . Additionally, ratings at time 1, inter-rater reliability (IRR) size, PO, and Kappa (95% CI) values for same-day reliability, two-week reliability, and one-year stability are reported in Supplemental Table 1 . For same-day reliability (year 2, n = 253), PO ranged from 0.60 (children/youth visible and physically active) to 1.00 (housing authority/US Department of Housing and Urban Development projects, religious structures, bus facilities, highest speed limit sign on segment, flashing warning signs, pavement marking/crosswalks, share the road bicycle sign, speed bumps, and curb extensions). Considering the kappa statistics, 37% (n = 26) had outstanding agreement, 36% (n = 25) had substantial agreement, 11% (n = 8) had moderate agreement, 10% (n = 7) had fair agreement, and 6% (n = 4) had poor agreement.
For two-week reliability (year 1, n = 464), PO ranged from 0.53 (overall condition of vacant/underdeveloped land) to 1.00 (housing authority/HUD projects, religious structures, bus facilities, flashing warning signs, share the road bicycle signs, curb extensions). Considering the kappa statistics, 30% (n = 21) had outstanding agreement, 17% (n = 12) had substantial agreement, 32% (n = 23) had moderate agreement, 7% (n = 5) had fair agreement, and 14% (n = 10) had poor agreement.
Results of the two-week agreement comparison (year 1, n = 464) of urban and rural areas is reported in Supplemental Table 2 . Out of the 61 tested items, 8% (n = 5) showed significant differences in strength of agreement when comparing urban and rural locations. Perceived walkability of streets, presence of visible security warning signs, children/youth visible, and presence of a median/traffic island showed significantly higher agreement in rural areas as compared to urban areas. Overall condition of resident-kept grounds showed significantly lower agreement in rural areas as compared to urban areas.
For one-year stability (year 1 compared to year 2, n = 253), PO ranged from 0.56 (walkable street) to 1.00 (highest speed limit sign on segment, flashing warning signs, share the road bicycle sign, and curb extensions). Considering the kappa statistics, 26% (n = 18) had outstanding agreement, 17% (n = 12) had substantial agreement, 29% (n = 20) had moderate agreement, 16% (n = 11) had fair agreement, and 13% (n = 9) had poor agreement.
Discussion
This study examined the one-day and two-week reliability and one-year stability of the PIN3 neighborhood audit instrument. For a majority of items, overall percent agreement was outstanding across the time frames examined. Reliability was the strongest with repeated testing within 1 day, with 81% having moderate to outstanding kappa statistics. Two-week reliability was slightly lower, with 77% having moderate to [39] b HUD: The U.S. Department of Housing and Urban Development #Segments could not be determined due to woods or other reasons, so they were set to missing &Segments rated as "not applicable (private road)" were set to missing §Non residential segments were left as missing †Derived as a count for presence of traffic lights, stop signs, speed bumps, median/traffic islands, and curb extensions (#43_1, 43_3, 43_9, 43_10, and 43_11) €Presence of either a flashing warning sign, "share the road" bicycle sign or other pedestrian or bike friendly traffic signs (#43_2, 43_6, and 43_7)
-Kappa not reported due to extremely small cell sizes outstanding kappa statistics. This is comparable to the reliability of other audit tools, such as the Microscale Audit of Pedestrian Streetscapes (MAPS), which reported 76% of items having moderate to outstanding kappa statistics, i.e., greater than or equal to 0.40 [12] . Oneyear stability had more variable findings, with 68% showing moderate to outstanding kappa statistics. Finally, when urban and rural locations were compared, the reliability of the audit measures were largely consistent, with only 8% of items exhibiting significant differences by urbanicity. Certain aspects of the environment are expected to change over time, and these data provide important information to researchers to improve understanding of how neighborhood environmental audit tools are best utilized. When comparing specific items, the level of agreement that was exhibited for same-day reliability was similar or slightly lower when examined for two-week reliability. Items assessing structural elements, such as presence/types of residential housing, lighting, presence of sidewalks, and traffic control devices showed fairly consistent substantial to outstanding reliability over the two time frames. Items that showed poor reliability at both time frames were primarily related to the social environmental features that are transient, such as visible people or dogs. The lack of reliability for the social environment found here is consistent with the findings from reliability testing of other audits [10, 15] . The few items that had a substantial shift in reliability between time points were related to types of litter, which showed moderate reliability within 1 day, but generally fair to poor over the two-week interval. It is reasonable to expect that the presence of litter would change in a two-week period, indicating that they may not be a reliable or stable estimate of neighborhood environments over time. Similarly, the lower reliability estimates for the social environment may indicate a lack of stability in the environment over a two-week time frame, rather than a lack of reliability between raters.
For one-year stability, individual item kappa scores were fairly consistent with two-week reliability. One notable difference was for the item Btype of residential housing: new construction/renovation^, which had a kappa of 0.60 for two-week reliability, but was 0.06 at 1 year. This is understandable, as a construction site for residential housing would not likely last a year. Other types of residential housing had substantial to outstanding agreement over the one-year time frame, along with other structural aspects of the sidewalks, land use, and many of the road characteristics. Visible adults or dogs showed poor agreement at both two-week and one-year audits, and types of litter showed low agreement over all time-frames-indicating again the changeable nature of certain elements of an environment over time.
In this study, it was shown that the PIN3 instrument had consistent levels reliability in both urban and rural locations for a large majority of items assessed. Interestingly, four of the five items that were different by urbanicity showed greater reliability in rural areas. This could be due to a lower variability in the rural areas which allows for raters to more easily identify specific neighborhood features. Further, of the five items that showed differences when examined by urbanicity, one was presence of visible children, which was problematic for the other reliability metrics assessed in this study. As previously stated, two other measurement tools have been used in both urban and rural locations: WASABE [13] and the Checklist [10] . However, neither examined the reliability of the estimates by urbanicity.
Overall, these findings indicate that the PIN3 instrument is a reliable audit tool for studies assessing neighborhood locations in both urban and rural environments and over time. The use of this tool in research practice would in large part be dictated by the study question. Projects that assess the built environment of a neighborhood can use the PIN3 neighborhood environmental audit instrument with the knowledge that the built environment factors identified in one auditing session will in large part be stable up to a year after the auditing took place. Conversely, studies that measure social aspects of the environment should do so with caution-the presence of individuals on the street, as well as the behaviors they engage in, are largely variable even within 1 day. From this perspective, it would be important to consider the day of week and time of day that audits are conducted, the weather, and repeating audits within 1 day to fully capture the social aspects of a neighborhood environment.
Strengths and Limitations
This study is the first to examine the stability of neighborhood physical environmental audit items over a oneyear time frame. A strength of this study is the breadth of reliability and stability estimates calculated, which gives greater understanding of how these measures might be best used in practice. In addition, the comparison of these measures by urbanicity indicates the value of the PIN3 audit for assessing both urban and rural neighborhood environments.
There are a few limitations of this study. With oneyear stability, it is possible that some of the road segments were audited by the same person in both years, but it is unlikely that they would recall the roads from 1 year to the next. For some segments, the raters had difficulty understanding where to begin and end; this may have adversely impacted reliability. In addition, ratings could vary due to weather conditions at the time of the audit. For certain items, the diversity of the neighborhood environments was limited so that an option within an item was not noted (e.g., segment had visible billboards); in these instances, kappa was calculated as zero.
Conclusions
This study was the first to examine the reliability and stability of a neighborhood physical environmental audit tool in both urban and rural areas. The PIN3 neighborhood audit tool showed high reliability and stability for many of the items measured, and was largely consistent in both across neighborhood urbanicity. Items related to structural aspects of a neighborhood were largely reliable and stable over the time frames studied, whereas social aspects were less so. Other neighborhood audit tools should consider examining in more detail the reliability and the stability of their measures, to provide better understanding of how neighborhood environments should be assessed. In practice, projects aiming to assess the neighborhood environment should consider which characteristics to assess, whether it be the social or built environment; this consideration will dictate the number of audits that may be required.
Disclaimer The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
Funding Funding for this study was provided by the National Institutes of Health (NIH) /National Cancer Institute (#CA109804-01). AKP was supported by a National Research Service Award T32 post-doctoral research fellowship, funded by the NIH, National Heart, Lung, and Blood Institute (#T32HL007055).
Compliance with ethical standards This study was reviewed and approved by the Institutional Review Board at UNC.
